Biophysical-Semeiotic bed-side Evaluation of Leptin in classic and variant Pre-Metabolic and Metabolic Syndorome.
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Introduction.

Leptin, from the Greek leptos, thin, is a protein hormone with important effects in regulating body weight, metabolism and reproductive function. This protein is approximately ~16 kDa in mass and encoded notoriously by the obese (ob) gene. Leptin is expressed predominantly by adipocytes, which fits with the idea that body weight is sensed as the total mass of fat in the body; it regulates reproductive function (1, 2, 3). Smaller amounts of leptin are also secreted by cells in the epithelium of the stomach and in the placenta, without accumulating in these cells. Leptin is an important component in the long term regulation of body weight (4). 

Physiological effects of leptin.

Leptin receptors are highly expressed in areas of the hypothalamus known to be important in regulating body weight, as well as in T lymphocytes and vascular endothelial cells. 

Such as physiological events represent the rationale of biophysical-semeiotic evaluation of leptin tissue (and therefore, serum) concentrations, augmented in metabolic syndrome and often in advanced stages of pre-metabolic syndrome, classic and variant. Thus, the possibility of recognizing, for the first time clinically, leptin increase consitutes a diagnostic tool of essential importance, appliable on very large scale.

Recent studies with obese and non-obese humans demonstrated a strong positive correlation of serum leptin concentrations with percentage of body fat, and also that there was a higher concentration of ob mRNA in fat from obese compared to thin subjects. Genetically obese mices with inactivating mutations in the ob gene or the gene encoding the leptin receptor (db gene) have been known for many years and were instrumental in the initial cloning of the ob gene 2, 5, 6). 

It appears that as adipocytes increase in size due to accumulation of triglyceride, they synthesize more and more leptin. In essence, leptin provides the body with an index of nutritional status. Leptin's effects on body weight are mediated through effects on hypothalamic centers that control feeding behavior and hunger, body temperature and energy expenditure. 

Decreased hunger and food consumption, mediated at least in part by inhibition of neuropeptide Y synthesis. Neuropeptide Y is a very potent stimulator of feeding behavior.

Increased energy expenditure, measured as increased oxygen consumption, higher body temperature and loss of adipose tissue mass. 

The mechanisms by which leptin exerts its effects on metabolism are largely unknown and are likely quite complex. In contrast to dieting, which results in loss of both fat and lean mass, treatment with leptin promotes lipolysis in adipose tissue, but has no apparent effect on lean tissue. 

Recent studies in obese and non-obese humans demonstrated positive sorrelation between serum leptin concetration and percentage of bodyadipose tissue and highest presence of ob-m-RNA in adipose tissue than that observed in lean individuals (7).

In reality, it appears that as adipocytes increase in size due to accumulation of triglyceride, they synthesize more and more leptin. Leptin's effects on body weight are mediated through effects on diencephalic-hypothalamic centers that control feeding behavior and hunger, body temperature and energy expenditure. Leptin stimulation of diencephalic-hypotalamic neuonal centres my be now-a-days be assessed by the aid of Biophysical Semeiotics; these centres regulate nutrition, food intake, appetite, a.s.o. Daily injections of recombinant mouse or human leptin into ob/ob mice (i.e. the obese mutants unable to synthesize leptin) led to a dramatic reduction in food intake within a few days, and to roughly a 50% reduction in body weight within a month (7). 

In reality, weight loss is due to two pricipal mechanisms:

a) reduced hunger sensation and lowered food assumption, partially caused by inhibition of Y neuropeptide, a known potent food stimulans;

b) increasing calory expenditure and subsequent energy loss, augmentated body temperature and than loss of adipose mass.

As expected, injections of leptin into db/db mice, which lack the leptin receptor, had no effect. When leptin was given to normal mice, they lost weight, showed profound depletion of adipose tissue and manifest increases in lean mass (7). The mechanisms by which leptin exerts its effects on metabolism are largely unknown and are likely quite complex. In contrast to dieting, which results in loss of both fat and lean mass, treatment with leptin promotes lipolysis in adipose tissue, but has no apparent effect on lean tissue. 

As regards clinical biophysical-semeiotic evaluation of leptin, it has long been known that starvation adversely affect reproductive function. For example, very low body fat in human females is often associated with cessation of menstrual cycles, and similar effects are seen in starving or nutritionally-deprived animals. Also, the onset of puberty is known to correlate with body condition as well as age. Leptin concentrations are low in people and animals with low body fat, and leptin appears to be a significant regulator of reproductive function. 

These effects are probably due in part to the ability of leptin to enhance secretion of gonadotropin-releasing hormone, and thus luteinizing and follicle-stimulating hormones from the anterior pituitary, the biophysical-semeiotic assessment is based on.

One of the first demonstrations of leptin's effect on reproduction dealt with onset of puberty. Prepubertal mice treated with leptin became thin, as one would expect, but also reached reproductive maturity and began cycling significantly earlier than control mice. Additionally, some humans with inactivating mutations in the leptin receptor gene not only are obese, but fail to achieve puberty. 

Prepubertal mice treated with leptin became thin, as one would expect, but also reached reproductive maturity and began cycling significantly earlier than control mice. Additionally, some humans with inactivating mutations in the leptin receptor gene not only are obese, but fail to achieve puberty (6, 7). We are, therefore, authorized to suspect that probably these effects are at least partially due to leptin stimulating action of gonadotropin release and, then, luteinizing and follicle-stimulating hormones by anterior hypohysis, upon which leptin biophysical-semeiotic evaluation is based on (See later on).

Generally blood concentartion of leptin are increased in obese individuals, suggesting clearly that these  patients are in some way not sensitive to the hormone, probably due to receptor down-regulation, rather than to leptin deficiency. It appears that frank deficiencies in leptin secretion are a rare cause of human obesity (6, 7).

Clinical Biophysical-Semeiotic Evaluation of Leptin.

The rationale for such as original evaluation is the immediate secretion of leptin by adipocytes (mammary gland, abdominal tissue, a.s.o.) in blood, avoiding its accumulation in productive cells, and its binding to relative receptors, particularly numerous in hypotalamic-hypohyseal neuronal centre. 

In fact, once synthesized, leptin is secreted through a constitutive pathway and not stored in the cell. Leptin counteracts neuropeptide Y action as wel as synthesis  and stimulates different hypophyseal axes regulating food need, so that appears decreased hunger and food consumption, mediated at least in part by inhibition of neuropeptide Y synthesis. Neuropeptide Y is a very potent stimulator of feeding behaviour. However, more and more data are emerging that leptin is not only important in the regulation of food intake and energy balance, but that it also has a function as a metabolic and neuro-endocrine hormone. It is now clear that it is especially involved in glucose metabolism, as well as in normal sexual maturation and reproduction. Besides this, also interactions with the hypothalamic-pituitary-adrenal, thyroid and growth hormone axes and even with haematopoiesis and the immune system are described. 

It has been shown that leptin secretion by the adipocyte is partly regulated by other hormones, such as insulin, cortisol, and sex steroids, mainly testosterone. Also other hormones like thyroid and growth hormone are possibly involved in leptin synthesis. Leptin itself exerts effects on different endocrine axes, mainly on the hypothalamic-pituitary-gonadal axis and on insulin metabolism, but also on the hypothalamic-pituitary-adrenal, thyroid and growth hormone axes. Leptin may thus be considered a new endocrine mediator, besides its obvious role in body weight regulation.

From the above remarks derives “clinical” evaluation of leptin with the aid of Biophysical Semeiotics in very different ways, among them in following only those of easy application will be considered, to performe them in individuals with premetabolic syndrome in both advanced stages and in overweight or obese people, involved by metabolic syndrome, classic and variant, the later I described in earlier papers (8-10) (See web-site HONCode 233736, www.semeioticabiofisica.it).  

To assess tissue and, then, blood leptin levels, doctor can follow two diverse ways, both reliable, but different in difficulty, refinement and quantity of information

1) Leptin evaluation by means of hypophyseal microcirculatory activation. 

When subject to be examined is lying down in supine position, and psycho-physically relaxed with open eyes, doctor evaluates, firstly, hypophyseal microcirculation present situation by “light” digital pressure upon hypophyseal trigger-points (Fig.1) (21-23), and observing the behaviour of upper ureteral reflex (= vasomotility) and/or lower reflex (= vasomotion) (Fig. 2) (practically, in healthy, at rest, AL + PL of vasomotility lasts 6 sec.) (Fig. 3). Secondly, soon thereafter, doctor stimulates adipose tissue of lateral abdomen or mamma regions, with the aid of manual pressure or by “large” persisting pinch, to secrete among other substances the leptin for 20-25 sec. (= interstitium appears large ( 1 cm., and microcirculation is activated). 

In reality, such as manoeuvre brings about also “squeezing” of blood, which holds leptin, and enters in vascular system coming from adipose tissue.

At tis point, one assesses for the second time hypophyseal microcirculation, and compares it with basal parameter value: in healty, the value of vasomotility AL + PL increases to 7 sec. (ps not significante). Such as value parallels leptin level in blood and tissues, as experimental evidence suggests in obese, where leptin receptors are less sensitive.

Analogously, it is possible the evaluation of (microcirculatory) activation of GH-RH and FSH-RH neuronal centres.

In day-to-day practice, it seems really important for reader to know that there is another way to assess “tissue” leptin levels by means of a more simple evaluation of latency time (lt) of basal hypophyseal-gastric aspecific reflex (NN = 8 sec.) and lt after stimulation of leptin secretion, above-described (NN = 9 sec., ps not significant). 

The difference between these values is related to serum and tissue levels of leptin. Such as evaluation is less refined, of course, and less elegant than the former one, although it is reliable and easier to performe.
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Fig.1

The figure shows cutaneous sites of triggers-points, corresponding with diverse hypotalamic-hypophyseal  centres of different releasing-hormones and hypohysis
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Fig. 2

Beside “in toto” ureteral reflex there are other three reflexes, illustrated in the figure, that give information about structure and function of precise, well-defined, microvascular components (See text).
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Fig. 3

Physiologial basal tachogram of upper and lower ureteral reflexes fluctuations observed in normal biological system, transferred on cartesian axes: deterministic chaos of oscillation periods and intensities are clearly shown.

2) Leptin evaluation by means of stimulating insulin secretion.

In healthy, under above-mentioned situations, aiming to increase leptin blood levels, both vasomotility and vasomotion are only slightly augmented due to the action of the same hormon on the (-cells of Langheran’s islets, in the same way as the increasing of  hypotalamic-hypophyseal microvessel dynamics, indicating internal and external coherence of biophysical-semeiotic theory.

Basal macroscopic and microscopic fluctuations (= pancreogram) (Fig.4), for example, show AL + PL of 7,5 sec., which in the second evaluation does not be greater than 8-8,5 sec.
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Fig. 4

In healthy, pancreatic diameters oscillate spontaneously in a caracteristic deterministic-chaotic way 6 times pro minute showing a period varying from 9 to 12 sec., and intensity  between 0,5 a 1,5 cm.  In practice, doctor assesses the movements of lower margin of pancreas body, transfering them upon cartesian axes, at least in the mind.

On the contrary, in obese individuals with pre-metabolic and metabolic syndrome, the more intense stimulation by increased leptin level allows to  observe AL + PL  > di 8,5 sec.

In fact, stimulating effects caused by leptin at the level of both diencephalic-hypophyseal (leptin is synthesized also in the hypophysis, although in small quantity) and in (-cells of Langheran’s islets account for the reason of above-described biological events.

Another way, really easy and reliable, to evaluate leptin tissue and blood concentrations is the assessement of latency time of pancreatic-gastric aspecific reflex (21) (See  the cited web-site), at first as basal value and than after leptin secretion: in healthy, basal lt is 12 sec., whereas the second value increases to 13 sec. (ps not significant).

By contrast, in obese with metabolic syndrome, basal lt is, e.g., 13 and the second parameter value results 16 sec. (ps 0,001).

3) Leptin evaluation by means of insulin resistance of biceps muscle.
It is wel known that leptin, secreted as a conseguence of triglycerides accumulation in adipocites, takes part in causing insulin-resistance. In addition, free fatty acid accumulation in skeletric muscle cells, characteristic of these dysmetabolic situations, brings about by itself insulin-resistance.

In healthy, the assessement of insulin-resistance of biceps muscle allows doctor to observe a not significant reduction of latency time of muscle-gastric aspecific reflex (Fig.4), immediately after insulin secretion acute pick test: latency time 12 sec. and 11 sec. respectively (11, 12, 21).

On the contrary, more higher is blood leptin concentration, more lowered appears this parameter value in the second evaluation: ( 10 sec.

In healthy, under identical conditions, of course, one observes basal microcirculation associated, type II activation (= muscle up-takes always FFA, aminoacides, and glucose), which increases after Ferrero-Marigo’s manoeuvre (24).

By contrast, in obese with high level of blood leptin concentration, the sevond evaluation shows increased type II, dyssociated, microcirculatory activation.
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Fig. 4

Gaastric aspecific reflex: in the stomach, both fundus and body are dilated, while antral pyloric region contracts after latency time of 12 sec. of stimulation by means of digital pressure applied upon skeletric muscle, e.g., biceps muscle.

Conclusions.

Seemingly, leptin plays a primary role in metabolic syndrome, particularly in obese (13), indicating that it is a component of such as common metabolic alteration, because the increased synthesis of insulin brings about over production of leptin, that in turn stimulates insulin production by pancreatic (-cells of Langheran’s islets, also as a consequence of insulin-resistance (14, 15, 16).

At this point, interestingly, one must know that leptin serum levels are increased in children of hypertensive in comparison with controls (offspring of normo-tensive subjects), a long time before hypertension occurrence (17), wherein are present biophysical-semeiotic signes of hypertensive constitution (See above-cited web-site).

These data, which agree with those of a former research, showing the important role of inherited factor in the physio-pathogenesis of both pre-metabolic syndrome and metabolic syndrome, classic and variant, that occurs years or decades later, as I suggest since a long time  (8, 21, 22, 23) (See above-cited site).

 In my opinion, in order to comprehend the occurrence of metabolic syndrome it is unavoidably necessary to know and recognize at the bed-side pre-metabolic syndrome (8) as well as the diverse biophysical-semeiotic constitutions (= diabetic, dyslipidemic, arteriosclerotic, and hpertensive) (See in the above-cited web-site), conditio sine qua non of efficacious primary prevention.

At this point, it is easy to understand the real role played by high concentrations of blood leptin, also in the diagnosis, and not only in the pathogenesis (19), as the personal clinical experience allows me to state.

In fact, it is important to recognize early, in the first two decades of life, with the aid of Biophysical Semeiotics, individuals with dyslipidemic biophysical-semeiotic constitution (and others, of course), that precedes for years or decades Pre-Metabolic Syndrome occurrence, which only later can end in the more known metabolic syndrome. 

Really, it is well demonstrated increased blood leptin concentrations in obese individuals in comparision with lean subjects (20).

To summarize, “clinical” diagnosis of a possible increase of blood leptin contributes to recognize, in my opinion, the late phases of pre-metabolic syndrome as well as metabolic syndrome, which occurs after years or decades after the first.

Doctor must diagnse rapidly such syndromes in their early stages, even asymptomatic, so that patients can be treated promptly (with diet etimologically speaking and drugs).

In this article, some clinical biophysical-semeiotic methods, easy to understand ad apply by doctor who is learned in Biophysical Semeiotics, reliable in recognize promptly the pre-metabolic syndrome, even simptomless.
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